Introduction
People have long dreamed of the fountain of youth. Young people believe they will live forever, scorning the wrinkles and pains of elders. People may have surgeries, wear makeup, run marathons, swallow supplements, and color their hair to make themselves look and feel younger. Older individuals fear the decline that often surrounds getting older, facing changes in their bodies and social circles, hoping to somehow be a healthy ager. Health psychology reveals that there are indeed paths to healthier aging. Some individuals thrive, but there is no simple route to a happy, healthy old age. Health unfolds over time, and individual histories, characteristics, and habitual patterns influence the processes and outcomes that occur. Research over the past three decades has discovered key reasons why personality is highly relevant to health.
Many factors are associated with health-but these correlations yield different advice about which patterns are healthy and which are unhealthy. It is impossible to randomly assign individuals to differing biopsychosocial life patterns, and so even many of the best studies on health involve disparate snapshots in time. Longitudinal studies provide the best windows into personality and health relationships. Dr. George Vaillant, after studying a group of Harvard men for over 40 years, noted: "No single interview, no single questionnaire, is ever adequate to reveal the complete man, but the mosaic of interviews produced by many observers over many years can be most revealing" (Vaillant, 2012, p. 95) . That is, when multiple images are brought together, a clearer picture appears. In health psychology, a panoramic portrait that has emerged over the past few decades from many snapshots is the importance of the Big Five factors for health outcomes.
In this article, we first briefly examine the historical roots of personality and health psychology. Personality became an important part of the field during a time when the concept of personality itself was questioned. The Five-Factor Model PRINTED FROM OXFORD HANDBOOKS ONLINE (www.oxfordhandbooks.com). (c) Oxford University Press, 2015. All Rights Reserved. Under the terms of the licence agreement, an individual user may print out a PDF of a single chapter of a title in Oxford Handbooks Online for personal use (for details see Privacy Policy). Subscriber: OUP-Reference Gratis Access; date: 26 January 2016 back to notions of humoral balance. For example, high blood pressure is associated with various diseases and thus is considered a marker of poor health, but low blood pressure can also indicate disease or physiological dysfunction. Similarly, a normal body weight is protective; disease is associated with too much weight (obesity) and too little weight (frailty, anorexia). However, deviations in blood pressure, weight, and other classic diagnostic tools of the medical examination may turn out to be healthy when other variables and circumstances are taken into consideration. In psychology, this balance idea has been extended to what Friedman (1991) termed the self-healing personality, but the phenomenon turns out to be a complex one.
Some studies have focused on biomarkers, which we define as processes, not final outcomes. Often, suspected biomarkers are not the causal links that they initially appear to be . It is more important to focus directly on morbidity, illness, and physical functioning. Most consistently, Conscientiousness has been related to better physical health outcomes and Neuroticism has been related to poorer physical health outcomes. For example, in a longitudinal study with elderly patients, higher levels of Neuroticism and lower levels of Conscientiousness were associated with greater physician-rated illness across a 4-year period (Chapman, Roberts, Lyness, & Duberstein, 2013) . In a twin study with young adults, participants high in Neuroticism at baseline were more likely to report 13 different physical health conditions 25 years later, including chronic fatigue syndrome, ulcers, and coronary heart disease (Charles, Kato, Gatz, & Pedersen, 2008) . In a panel study with nearly 7,000 British adults, child intelligence related to better health status at age 50 years, but this association was mediated by Emotional Stability and Conscientiousness (Cheng & Furnham, 2013) . In a nationally representative sample of U.S. adults, Conscientiousness was associated with a significantly reduced likelihood of a wide range of mental and physical disorders among adults in the general population, and Neuroticism was associated with increased rates, ranging from stroke to sciatica, with other five-factor traits also sometimes relevant (Goodwin & Friedman, 2006) .
Self-Rated Health
Self-rated health is a component of subjective well-being, although it is often mistakenly treated as an objective physical health marker. Questions assessing self-rated health are typically face valid and easy to use (e.g., an item might ask "In general, how is your health"). Notably, self-rated health is a good predictor of mortality risk (Idler & Kasl, 1991) , but this does not mean that it can be used as a proxy for objective physical health ; age, sex, socioeconomic status (SES) and certain personality traits are also good predictors of mortality risk and are obviously not substitutes for assessing physical health.
Neuroticism has consistently been linked to lower self-rated health (see also the chapter by Tackett and Lahey). It is unclear how much of this is a real association and how much is due to self-selection or measurement biases. Both stress and self-reported health scales often contain a large negative affect component, creating noisy measures (Costa & McCrae, 1987; Watson & Pennebaker, 1989) . People high in Neuroticism feel more pain, report more illness, and seek more care. It is an open question as to whether Neuroticism is indeed related to worse health, or if links are superficially created through poor measurement.
The other four personality factors appear to be less susceptible to this measurement problem, although the subjective nature of the self-report assessment remains. Conscientiousness has been robustly related to better self-rated health, predicting better reports both cross-sectionally and longitudinally, with effects sizes higher than intelligence and socioeconomic status (SES) (e.g., Hampson, Goldberg, Vogt, & Dubanoski, 2006; Roberts et al., 2007; Tam & Wi, 2014) . A recent large-scale Internet study with over 450,000 people worldwide sponsored by the British Broadcasting Corporation found that low Conscientiousness related to lower reports of self-rated health, being overweight, and engaging in substance use; Neuroticism was related to lower self-reported health, and high Extraversion was related to more frequent substance use (Atherton, Robins, Rentfrow, & Lamb, 2014) . Notably, for self-rated health, when items referring to stress and emotional problems were removed, associations with Neuroticism were much weaker, pointing back to the problem of overlapping predictors and outcomes.
Longevity
Length of life is the clearest measure of health, as it is valid and reliable, and has consistently been used as a key measure of health worldwide . The best longevity studies require longitudinal analyses that track people over many years or a lifetime, providing a more complete picture of the trajectories that the sample followed. Over the past two decades, there has been considerable work in personality-health research focused on links between personality and all-cause mortality. Some studies have also considered other causes of death such as heart disease and cancer mortality. A problem with single cause of death analyses is that they can superficially provide "good" short-term results but "poor" long-term results; if a person is saved from cancer but dies from heart disease (such that the overall length of life is the same), then it is not a particularly successful treatment.
Early work focused on Neuroticism/negative affectivity as a primary cause of early death, but Neuroticism has been inconsistently linked to mortality. Studies find no association with mortality (e.g., Almada et al., 1991; Iwasa et al., 2008; Taylor et al., 2009 ), a negative association (e.g., Korten et al., 1999; Taga, Friedman, & Martin, 2009; Weiss & Costa, 2005) , and a positive association (e.g., Christensen et al., 2002; Denollet et al., 1996; Shipley et al., 2007; Weiss, Gale, Batty, & Deary, 2009; Wilson, Mendes de Leon, Bienias, Evans, & Bennett, 2004) . In the U.K. Health and Lifestyle Study, Neuroticism was related to higher risk, but was reduced to nonsignificance after controlling for SES, education, smoking, alcohol use, physical activity, and self-rated health (Shipley et al., 2007) . It may be that some aspects of Neuroticism are protective and others are harmful (Chapman, Roberts, Duberstein, 2011) , or it may depend upon interactions with other personality traits or the social environment (Smith, Baron, & Grover, 2014) . A more complex approach is needed.
The strongest, most consistent findings for personality and longevity have appeared for Conscientiousness, with higher levels associated with lower mortality risk (Bogg & Roberts, 2013; Chapman et al., 2011; Friedman et al., 1993; Kern & Friedman, 2008; Roberts, Lejuez, Krueger, Richards, & Hill, 2014) . A meta-analysis of 20 studies with diverse samples found that high levels of Conscientiousness are robustly predictive of lower risk (Kern & Friedman, 2008) . Subsequent studies have consistently confirmed this finding (e.g., Iwasa et al., 2008; Taylor et al., 2009; Terracciano et al., 2008) . Research has now shifted from establishing that the Conscientiousness -longevity association exists to explaining possible pathways and mechanisms.
Agreeableness has received less attention than the other five factors, and associations have been mixed, with many studies finding null results (e.g., Christensen et al., 2002; Iwasa et al., 2008; Taylor et al., 2009 ). Most clearly, hostility and cynicism (i.e., low Agreeableness) have been linked to heart disease mortality and all-cause mortality (Almada et al., 1991; Bunde & Suls, 2006; Chapman et al., 2011) . Extraversion generally has not been associated with mortality risk, most likely because it depends on the pathways involved. That is, Extraversion is associated with both healthy patterns (e.g., sociability) and unhealthy patterns (e.g., smoking, drinking, thrill-seeking).
Openness to experience has also demonstrated mixed associations with longevity, although a recent meta-analysis with nearly 20,000 people suggested that it is protective, but its effect is attenuated by other risk factors (e.g., age, social class) (Ferguson & Bibby, 2012) . The extent to which openness matters beyond SES, education, or intelligence is unclear.
Mental Health and Well-Being
Subjective well-being (SWB) is inherently subjective, and includes emotion, self-rated health, cognitive evaluation of life, and other related components. Diener (2012) defines subjective well-being in terms of affect (high positive affect, low negative affect) and cognition (life satisfaction). Others have suggested multidimensional approaches to well-being. For example, Ryff and Keyes (1995) define well-being in terms of six components: autonomy, environmental mastery, personal growth, positive relationships, purpose in life, and self-acceptance. Seligman (2011) defined five pillars of wellbeing: positive emotion, engagement, relationships, meaning, and accomplishment. Huppert and So (2013) suggested 10 domains of the flourishing life contrasted against depression and anxiety: competence, emotional stability, engagement, meaning, optimism, positive emotion, positive relationships, resilience, self-esteem, and vitality. Across these different definitions, there appear to be two main components: hedonic well-being, referring to the emotional side, and eudaimonic well-being, or the good life (Ryan & Deci, 2001) . Life satisfaction possibly represents a third, cognitive component.
A recent meta-analysis found that when properly controlled in a multivariate approach, personality can explain anywhere between 39% and 63% of the variance in well-being (i.e., happiness, life satisfaction, positive and negative affect, and quality of life) based upon NEO measures (Steel et al., 2008) . Neuroticism and Extraversion consistently related to lower and higher well-being, respectively, with moderate to large effect sizes. Conscientiousness was moderately associated with well-being, with the strongest associations for quality of life. Agreeableness effects were low to moderate, and Openness was only weakly related to well-being. . First, a growing number of theories and research point to biological elements (such as serotonin, dopamine, and some genes) that influence both how traits are manifested and proneness toward mental health or illness. Second, there is conceptual and measurement confusion. For example, an item on the mental health component of the Short Form-36 (Ware, Kosinski, & Keller, 1994) is "How much of the time during the past 4 weeks have you felt downhearted and blue," and an item assessing Neuroticism is "Often feel blue" (www.ipip.org). Not surprisingly, the two measures are correlated. Third, happiness levels tend to have a relative set point (Lyubomirsky, Sheldon, & Schkade, 2005) . Correlations between well-being and personality measures will increase to the extent that well-being measures capture stable characteristics of the person rather than momentary states. Finally, personality influences the situations that people select and are drawn toward, and these situations have a strong influence on attitudes and emotions (Friedman, 2000) .
Cognitive Function
The cognitive aspect of health includes mental processes such as memory, perception, language, reasoning, decision making, and spatial ability. Numerous tests have been developed, ranging from brief mental screenings to complex cognitive batteries that capture both function and timing of declines. At the negative extreme is dementia and Alzheimer's disease, in which almost all cognitive function is gone. Although it is commonly assumed (and perhaps feared) that cognitive ability decreases over time, studies suggest that although fluid intelligence (e.g., memory capacity, speed of processing) decreases, crystallized intelligence (e.g., cultural knowledge) generally remains fairly stable (Staudinger, Cornelius, & Baltes, 1989) . There is also considerable variation; some individuals can maintain very effective cognitive performance even in old age (Reynolds et al., 2005; Richardson, 2005) .
Studies are increasingly linking personality to cognitive function. Across a 6-year period, risk for Alzheimer's disease was associated with high levels of Neuroticism, low Openness, and low Conscientiousness . In the Lothian Birth Cohort, low Conscientiousness related to greater loss of brain tissue and hyperintensities of white matter, with effects partially mediated by health behaviors (Booth et al., 2014) . A meta-analysis of 15 studies found that high Neuroticism was associated with higher risk for dementia, Conscientiousness was protective, and Openness, Extraversion, and Agreeableness were not reliably related (Low, Harrison, & Lackersteen, 2013) . Findings again point to the cumulative physiological effects that Conscientiousness and Neuroticism seemingly have over the life course.
Social Competence and Productive Function
Social competence and productive function are two final health outcomes that are valuable both for individuals and for society as a whole. Consistent with the World Health Organization definition of health (described above), the well-being of the individual and the well-being of society ought to be mutually reinforcing. Social competence refers to being able to develop and maintain positive social relationships with others. It is separate from social support-a contextual variable that can influence social relationships, but is not the same as how good those relationships are. It has become clear over the past decade that social relationships are very important in the thriving life (Tay, Tan, Diener, & Gonzalez, 2012; Taylor, 2011) .
Whether in paid work or social/civic engagement, productivity allows society to function smoothly. Engaging in work and having a sense of productivity contributes to better life quality (Bambrick & Bonder, 2005) . In his presidential address to the American Psychological Association, Robert Kaplan (1994) brought to light the importance of productive engagement. In a Ziggy cartoon, Ziggy asks the wise sage what the meaning of life is, and is told "life is doin' stuff … as opposed to death, which is not doing stuff" (p. 452).
Perhaps the clearest markers of social competence and productivity are successful marriage (versus divorce or isolation) and educational/occupational attainment (versus unemployment or idleness), respectively. Neuroticism predicts divorce, and high Agreeableness and Conscientiousness are related to more stable and better marriages and less divorce . In the lifespan Terman sample, across a 40-year period, Extraversion, Agreeableness, and Conscientiousness predicted greater social competence, and Conscientiousness predicted greater productivity (Friedman, Kern, & Reynolds, 2010) . Agreeableness is particularly important for maintaining harmonious relationships with other people (Jensen-Campbell, Knack, & Gomez, 2010 ; see also the chapter by Graziano and Tobin). Each of the Big Five traits has been related to educational and occupational attainment, with Extraversion, Agreeableness, Conscientiousness, intellect, and low Neuroticism related to greater achievement and more stable employment . 
Linking Personality and Health
Now that we know that personality matters to health, the interesting question quickly becomes: How and why does it matter? Theories and studies are now breaking open the black box to expose the complex underpinnings of how personality affects health and how health affects personality.
Mechanisms and Moderators
Various pathways have been proposed to link personality and health outcomes (Chapman, Hampson, & Clarkin, 2014; Hampson, 2008; Smith, 2006) . Pathways include health behaviors, social situations, physiological changes, and indirect and moderating factors.
Health behaviors.
The clearest pathway linking personality and health is through the behaviors in which people do and do not engage. Across 194 studies, Conscientiousness-related traits were positively related to health protective behaviors and negatively related to risky behaviors . In the Midlife in the United States (MIDUS) study, Conscientiousness and health links were substantially mediated by excessive alcohol use, smoking, and waist circumference (Turiano, Chapman, Gruenewald, & Mroczek, 2015) . Conscientious individuals are more likely to adhere to medical advice, with physical health consequences (Hill & Roberts, 2011; O'Cleirigh, Ironson, Weiss, & Costa, 2007) . Smoking explains part of the Neuroticism-mortality association (Mroczek, Spiro, & Turiano, 2009; Shipley et al., 2007) . Extraversion, Agreeableness, and Openness have been inconsistently linked to risky and healthy behaviors.
Although numerous studies find that behaviors mediate the personality-mortality link, considerable variance consistently remains, suggesting that other pathways also matter. For example, in the Whitehall II cohort study, associations between Conscientiousness and mortality were attenuated only 13% when health behaviors were controlled (Hagger-Johnson et al., 2012) . Adding in SES, physiological risk factors, and minor psychiatric morbidity further attenuated associations by 16%. Studies using structural equation modeling suggest that both health behaviors and education mediate Conscientiousness and health associations (Kern, Hampson, Goldberg, & Friedman, 2014; Lodi-Smith et al., 2010) , but that is only the beginning.
Alternative study designs that unearth how personality plays out in daily life may be informative. For example, a 28-day study found that Conscientiousness related to less consumption of high fat snacks, but also higher caffeine intake and more smoking among those who did smoke (O'Connor, Conner, Jones, McMillan, & Ferguson, 2009) . At the facet level, participants high in order did more exercise on stressful days, self-efficacy related to eating vegetables, and smokers high in self-discipline smoked more on stressful days, pointing to interactions between daily stress and health behaviors. Other studies similarly suggest that the facet level may be more predictive of behaviors than the five factors alone Paunonen, 1998; Paunonen & Ashton, 2001) .
Social pathways.
A second set of important pathways connecting personality and health is through social influences-situation selection, aspects of the social context, and interactions with other people, all of which influence and affect personality and health. Personality draws people toward certain situations, which become self-reinforcing over time (Friedman, 2000) . For example, high Extraversion is related to experiencing more positive life events (both subjectively and objectively rated), whereas Neuroticism relates to experiencing more negative life events (Magnus, Diener, Fujita, & Pavot, 1993) . Events and experiences in turn impact self-perceptions.
Self-regulation, social responsibility, Agreeableness, and emotional stability may help set the stage for better interpersonal relationships. In a group of adolescents, high Conscientiousness related to better friendships, higher peer acceptance, and less victimization, with associations mediated by externalizing behaviors (Jensen-Campbell & Malcolm, 2007) . In the Mills Longitudinal Study of Women, social responsibility predicted family, work, and behavioral outcomes 20 to 30 years later, and marital quality, work behaviors, and substance use were associated with subsequent changes in social responsibility . A meta-analysis of 94 studies found that high Agreeableness, emotional stability, and Conscientiousness related to greater investment in work, family, religion, and volunteering social roles (Lodi-PRINTED FROM OXFORD HANDBOOKS ONLINE (www.oxfordhandbooks.com). (c) Oxford University Press, 2015. All Rights Reserved. Under the terms of the licence agreement, an individual user may print out a PDF of a single chapter of a title in Oxford Handbooks Online for personal use (for details see Privacy Policy). Subscriber: OUP-Reference Gratis Access; date: 26 January 2016 Smith & Roberts, 2007) . Notably, the personality of others can also impact health; a spouse with high levels of Conscientiousness predicted better physical health outcomes, over and above the impact of the person's own personality (Karademas, & Tsaousis, 2014; Roberts, Smith, Jackson, & Edmonds, 2009 ). The company that we keep matters for both who we are as people (our personality) and for subsequent life outcomes.
Physiological pathways.
As tools and methods have improved, considerable research is now turning toward internal mechanisms, attempting to untangle how personality affects physiological function, with possible health consequences. In a sample of healthy adults, participants scoring low on Agreeableness and Extraversion demonstrated increased sympathetic nervous system activity and, for Extraversion, higher natural killer cell cytotoxicity, suggesting that personality is associated with basal physiological levels (Miller et al., 1999) . In adults from Sardinia, high Neuroticism and low Conscientiousness were associated with higher levels of interleukin-6 (Sutin, Terracciano, Deiana, Naitza, et al., 2010) , and low Conscientiousness was related to lower high-density lipoprotein (HDL) cholesterol and higher triglycerides . Serotonin has been linked to impulsivity (low Conscientiousness) and hostility (low Agreeableness) (Carver & Miller, 2006) .
Much of the work on physiological pathways has stemmed from a general focus on the deleterious effects of stress. According to the basic stress model, high levels of stressors can trigger a state of homeostatic disruption in which the heart beats faster, breathing speeds up, cortisol and catecholamine levels increase, inflammation increases, and immune function is depressed (Kemeny, 2007; McEwen, 2006) . Although in the short term, this reaction may be adaptive, in the long term, a chronic negative response pattern becomes detrimental, disrupting metabolism, immune function, and physiological rhythms, and increasing susceptibility to illness, disease, and general breakdown. Illness in turn further affects psychological functioning, creating a negative cycle toward disease.
Personality seemingly impacts what stressful events are encountered, the extent to which stressors are considered stressful, and coping responses (Carver & Connor-Smith, 2010; Connor-Smith & Flachsbart, 2007; Segerstrom & O'Connor 2012) . Neuroticism is consistently viewed as the trait that increases the risk for maladaptive responses, chronic stress, and poor health outcomes. For example, in one study, blood pressure in women high in Neuroticism showed less recovery after a hostile interaction than after a friendly interaction (Hutchinson & Ruiz, 2011) . In a second study, Neuroticism was related to higher daily cortisol measures across a 6-day period (Nater, Hoppmann, & Klumb, 2010) . Across a 10-year period, hostility was related to less healthy diastolic blood pressure, although effects varied by gender (Leclerc, Rahn, & Linden, 2006 ; see also Smith, Glazer, Ruiz, & Gallo, 2004; Williams & Williams, 2012) . Positive traits may buffer the physiological system from stress reactions or quickly restore balance to the system when stress occurs (Fredrickson, 2001; Pressman & Cohen, 2005) . Studies addressing this model typically measure personality concurrently with physiological markers, such as blood pressure, immune and endocrine function, or cardiovascular reactivity. An assumption of this model is that cross-sectional and short-term associations between personality and physiological function will extend to disease outcomes later in life. However, studies are only beginning to test the process longitudinally, and almost no studies have examined early life personality, prolonged stress exposure, long-term physiological disruption, and subsequent disease, at least in the same individuals. In one of the first long-term tests of the physiological pathway, in the Hawaii Personality and Health study, low childhood Conscientiousness was related to physiological dysregulation, greater obesity, and worse lipid profiles 40 years later (Hampson, Edmonds, Goldberg, Dubanoski, & Hillier, 2013) . Personality may affect the immune system, and the immune system may impact personality, such that causal arrows are nonexistent (Kemeny, 2007) . Longitudinal studies across long life periods, which include personality, physiological markers and stress measures across multiple time points, and health outcomes are necessary to truly establish the physiological pathway.
Third variables.
Another way that personality and health can be connected is through third or confounding variables-factors that relate independently to personality and health, such that the two appear to be related, when it is really another factor that drives both relationships. The most notable third factor is genetic influences, although a host of other factors are potential confounders as well. Personality has both genetic and environmental influences (Jang, Livesley, Angleitner, Riemann, & Vernon, 2002; South & Krueger, 2014) , and some of these same influences also impact health outcomes. Genetic studies could reveal biological systems underlying trait and health differences, and may moderate how traits are (South & Krueger, 2014) . Some traits may turn on or off at different points in life, with health-related implications. Much of the work with genetics and personality shows promise, but the data are messy. As methods are continually refined, genetic studies will continue to play an important role in the future, but genetics have often been found to have relatively little predictive value unless environmental influences are simultaneously considered.
Similarly, the enduring social context, including SES and risky environments, influences both personality and health. For example, in MIDUS, personality explained about 20% of the SES gradient in mortality risk, and SES explained 8% of personality risk (Chapman, Fiscella, Kawachi, & Duberstein, 2010) , such that some of the health risk comes from the environment, part is due to individual dispositions, and part may be the interaction of the person and environment. Early environments may also promote particular traits and set various health trajectories. For example, secure attachment has been linked to optimal self-regulations in childhood and adolescence (Eisenberg, Duckworth, Spinrad, & Valiente, 2014) . More complex models are needed, which consider how personality and social contexts interact to influence health outcomes across the lifespan.
Moderators.
Finally, personality can also moderate and be moderated by other variables. In the Terman Life Cycle Study, Conscientiousness moderated the relationship between career success and mortality, such that Conscientiousness buffered the otherwise risky effects of career failure (Kern et al., 2009 ). In the German Socio-Economic Panel Study, Agreeableness moderated adaptation to disability, such that those high in Agreeableness regained general life satisfaction several years later, whereas disagreeable individuals did not (Boyce & Wood, 2011) . In another sample, Openness, Extraversion, and Neuroticism moderated associations between stress and health behaviors (Korotkov, 2008) . In a French sample, although Neuroticism related to worse physical functioning, this effect was amplified at low levels of education and diminished at high levels of education (Jaconelli, Stephan, Canada, & Chapman, 2013) . In a group of children and adolescents, associations between prosocial behavior, externalizing problems, internalizing problems, and grades were moderated by the early family environment, with effects being stronger in more difficult circumstances (Slobodskaya, Ashmetova, & Rippinen, 2014) .
Summary.
By peering into the black box, we have identified multiple pathways that connect personality and health, which are often studied separately. The clearest and perhaps most straightforward pathway is health behaviors. Interventions need to be sensitive to personality dispositions, and by changing one's behaviors, risky characteristics may potentially shift to healthier ones (Chapman et al., 2014) . However, the social context (especially relationships with other people and socioeconomic status), biological factors, and various environmental factors selected by and shaping personality are also very important, and may impact both behaviors and health outcomes. Personality shapes how a person experiences, interprets, and responds to events throughout the lifespan (Caspi, Roberts, & Shiner, 2005) . It can moderate pathways and reactions, and effects can be bidirectional, synergetic, and cumulative. To truly understand the web of influences, models that simultaneously bring together multiple pathways are needed.
A New Generation of Personality-Health Research
Friedman and colleagues (2014) introduced a new generation of personality and health models, characterized by complex, dynamic, lifespan models. Rather than separating out the pathways reviewed above, third generation models recognize that all of these pathways matter, and most likely reciprocally influence one another. An analogy for this new generation of models is a ship traveling on a journey. As the journey begins, its course is set by the captain. The shape and depth of the water determine how big the ship can be and how fast it can travel, just as genetic and environmental factors set boundaries for development. Personality is the rudder, steering the boat through the waters. It sets a course, which can shift, but takes time and effort. Just as the pathway for the journey is unknown to the passengers, many of the early influences on personality may take time to appear. As river conditions and obstacles are encountered, the captain might adjust the rudder, shifting the course of the journey, just as health behaviors, social relationships, physiological responses, and health outcomes affect personality. Thus, it is the dynamic process of a relatively stable trajectory in the midst of an unsteady and changing context that results in health-promoting or risky life pathways. By understanding the range of influences involved, interventions can be done at the right time to avoid danger and to travel an optimal route.
New theories and models within this framework provide some guidance for beginning this new generation of studies. example, Smith and colleagues (2014) introduced the interpersonal perspective of personality, social, and clinical psychology in which psychosocial risk accumulates over long periods, resulting from dynamic interactions between individuals and their social contexts. Interpersonal experiences such as marriage can trigger physiological stress responses, which can result in cardiovascular disease or other health problems as stress becomes chronic. The overt experiences and covert behaviors reciprocally build either positive or negative patterns, which in turn affect cardiovascular reactivity, neuroendocrine responses, and other physiological components. Personality influences who ends up in different relationships, yet it is the resulting dynamic interaction patterns that have a stronger impact on chronic health risks. Eaton and colleagues (2012) proposed a framework aimed at the complex genetic and environmental influences on healthy aging. Rather than measuring health behaviors at a single period, behaviors should be measured as patterns over time (see also Friedman & Martin, 2011) . They further suggest that approaches from behavioral genetics, such as co-twin controls and gene-by-environment analyses, can provide a structure for more sophisticated models and analyses. Shanahan and colleagues (2014) recently proposed the Life Course of Personality (LCP) model, which proposes that different mechanisms matter to health at different phases across life, and are moderated by the social context and other aspects of the person. Associations may depend on the specific facet. For example, for Conscientiousness, facets such as deliberation, responsibility, self-discipline, and low impulsivity may decrease chronic stress, whereas facets such as achievement striving, orderliness, and perseverance may increase daily stress. Personality is embedded in the social context throughout development, beginning with an infant's temperament and early interactions with parents; behavioral and educational choices in adolescence; decisions about school, work, and life during the transition to adulthood; and behavioral, work, and family patterns that occur in adulthood. To study such a model, there is a strong need to establish large, diverse samples followed over extensive time periods, as well as specific, strategic samples to study more finegrained time-limited processes.
Testing dynamic models will be a challenging endeavor, and personality-health researchers will benefit from staying current on the ever-developing statistical tools available, as well as working collaboratively with statisticians who develop new tools. Dynamic processes can be misconstrued with traditional statistical models. Data are needed that follow people prospectively over time, with repeated measures of personality, health behaviors, physiological functions, social relationships, contextual elements, and health measures. Research needs to be theory driven, yet still open enough for exploration, with empirical findings informing the theoretical models. Below, we review some of the innovative trends that will take personality-health research into the future. To truly have an impact on health, our models and methods need to move to a greater level of sophistication.
Drawing on a growing arsenal of advanced statistical techniques, studies are starting to test more dynamic models. For example, using structural equation modeling (SEM) to directly model lagged reciprocal effects, physical health influenced subsequent positive affect, whereas emotion did not affect subsequent physical health reports (Finch, Baranik, Liu, & West, 2012) . Using SEM to capture multiple processes in the causal chain across a 25-year period, early adversity was related to more smoking and higher body mass 16 years later, which in turn were related to inflammatory markers measured 1 to 4 years later (Raposa et al., 2014) . Combining SEM and survival analyses, Neuroticism was indirectly associated with mortality risk through somatic health, psychological distress, and smoking pathways, and Extraversion was indirectly associated with mortality through smoking (Ploubidis & Grundy, 2009 ).
Beyond single assessments of personality, health, and other variables, several studies have examined change over time. Across a 3-year period, latent change models indicated that changes in Conscientiousness were related to changes in health behaviors and self-perceived physical health (Takahashi, Edmonds, Jackson, & Roberts, 2013) . In MIDUS, becoming less conscientious and becoming more neurotic over a 10-year period were related to worse perceived health and well-being, a greater presence of metabolic syndrome components, and a greater likelihood of diagnosis for metabolic syndrome at follow-up (Human et al., 2013) , and changes in Conscientiousness were related to work limitations due to physical or mental reasons (Turiano et al., 2012) . In an Australian study, increases in Conscientiousness and Extraversion were related to improved self-reported mental and physical health, and increases in Neuroticism related to worse self-reported health, but associations were moderated by birth cohort (Magee, Heaven, & Miller, 2013) . In the VA Normative Aging Study, men with both a high average level of Neuroticism and increasing levels over time were at a higher mortality risk than those with lower levels or nonincreasing levels (Mroczek & Spiro, 2007) . In the Lothian Birth Cohort of 1921, decreases in Conscientiousness across the ninth decade of life were associated with declining physical fitness (Mõttus, Johnson, Starr, & Deary, 2012) . 
Tools for the Future of Personality and Health
To overcome the flaws of studies based on self-reported data, future personality research will benefit from creative, interdisciplinary approaches. Numerous tools (e.g., innovative statistical approaches), data sources (e.g., behavioral observations, big data), and strategies (e.g., personality neuroscience, computational social science, animal comparisons) are increasingly available that will propel personality-health research into an exciting future.
The Power of Existing Studies: Long Data
Two decades ago Jack Block (1993) suggested that to truly study personality, studies should be intentional, open, long enough to observe things, theory-based, broad and deep, methodologically sound and well-orchestrated, innovative, have a reasonable sample size, and maintain high quality over time. Fortunately, over the years, many studies have been conducted that meet many of these qualities. Much of our existing knowledge of life course personality-health associations stem from long data-extensive data gathered prospectively across time documenting people's lives. For example, much of the personality-health focus over the past decade has been on the importance of Conscientiousness for health outcomes. The Conscientiousness-longevity link was first uncovered in an exploration of data from the lifelong Terman Life Cycle Study (Friedman et al., 1993) . Through over 40 years of working with the Harvard Grant Study, George Vaillant (2012) noted: "I've been studying adult development since I was thirty, and I know now that many of my past conjectures, apparently accurate at the time, were contingent or just plain wrong" (p. 1472). Only by looking at detailed information collected over many years can true relationships be fully revealed. "Long term longitudinal studies are like mature trees … like a century-old oak, such studies are rare resources and can add to our knowledge base in ways newer longitudinal studies cannot" (Mroczek, 2014 (Mroczek, , p. 1472 . Fortunately, studies such as the Terman Life Cycle Study and the Harvard Grant Study are converging on similar conclusions .
Through existing longitudinal studies, it is now possible to model more complex pathways, especially when multiple measurement occasions were included. For example, survival analyses estimate mortality risk across different ages, while accounting for attrition and for long-lived individuals who are still alive at the point of analysis. Growth curve analyses with two or more time points can estimate whether the sample as a whole is changing over time and the extent to which individuals vary from that overall trajectory. Both initial levels (scores at baseline) and slope (changes over time) can be related to other predictors and outcomes. Cross-lagged analyses start to untangle causal pathways (e.g., physical activity at time 1 affecting physical fitness at time 2 versus fitness affecting activity). SEM allows complex associations to be estimated, while directly including measurement error, direct and indirect pathways, mechanisms, moderators, control variables, and correlated error in the model. Growth mixture modeling identifies unobserved groups that change differently over time. An arsenal of modeling options is increasingly available.
Of course, longitudinal data are far from perfect (Tomlinson-Keasey, 1993) . The original investigators usually were interested in different questions, scales are often nonexistent, and constructs are often represented by only one or two items. Data may be missing, although newer statistical techniques provide tools to deal with missing data problems. Attrition is a notorious challenge, and often those at highest health risk are those least likely to stay in the study. Studies were often done on select samples that may not generalize to other population groups (although this is often less of a problem than it first appears). Work with archival data needs to be driven by theory and specific research questions. It is a long process, involving developing an extensive knowledge of the data, carefully considering validity issues, and the possibility of recasting parts of the archive (i.e., restructuring existing data to create new measures of a construct) to address different questions (Elder, Pavalko, & Clipp, 1993 ). Yet existing studies offer a wealth of data, representing major investments by prior researchers, funding agencies, and participants, and it is well worth the effort to work with them and learn what we can from the data. By building on prior work, we can augment the field and science as a whole .
Integrative Data Analysis
Taking long data to the next level, the existence of many longitudinal datasets has brought the intriguing possibility of directly combining studies to study lifespan personality and health processes in greater detail. There are multiple ways that data can be integrated. A common method, and what many of the strongest findings in personality and health research are based on, is aggregated data meta-analysis, in which effect studies from multiple studies are combined, and moderators are examined. Meta-analyses have identified the clearest personality and health associations, but gloss over longitudinal trajectories and data needed to capture more complex trajectories. One of the greatest criticisms is that PRINTED FROM OXFORD HANDBOOKS ONLINE (www.oxfordhandbooks.com). (c) Oxford University Press, 2015. All Rights Reserved. Under the terms of the licence agreement, an individual user may print out a PDF of a single chapter of a title in Oxford Handbooks Online for personal use (for details see Privacy Policy). Subscriber: OUP-Reference Gratis Access; date: 26 January 2016 meta-analysis can seem to combine apples and oranges; although both are types of fruit, results are more of a fruit salad than an apple pie.
Pooled integrative data analysis directly combines the data from multiple studies at an item level, rather than combining the average study effect sizes. Direct integration ensures that the same items or constructs are being assessed in each sample, rather than combining divergent constructs that are labeled as the same. Directly pooling data provides increased statistical power, the ability to study extended developmental periods, and direct tests of sample heterogeneity. One of the best examples of integrative studies in health psychology is the Integrative Analysis of Longitudinal Studies on Aging (IALSA) network, a collaboration of longitudinal studies on aging, health, and cognition (see http://www.ialsa.org). The group has pioneered methods to link psychological studies together at the item level (Bauer & Hussong, 2009; Curran & Hussong, 2009; Hofer & Piccinin, 2009 . Friedman and colleagues (2014) suggested that the same approach could be used to examine personality and health associations, integrating studies where possible to link two or more studies together, and then extending analyses to unique aspects of each study. For example, Kern and colleagues (2014) directly integrated data from the lifelong eightdecade Terman Life Cycle Study and the Hawaii Personality and Health Study. Items in each sample were aligned to the five factors. Then, using the pooled data, personality was tested as a predictor of self-rated health 40 years later. Conscientiousness predicted better self-rated health, directly and indirectly through educational attainment. The aligned personality factors were then used to test Conscientiousness as a predictor of longevity in the Terman sample and physiological regulation in the Hawaii sample, supporting pieces of the lifespan model. Unlike study level meta-analyses, this process ensures that the same constructs are being used as predictors. By testing well-defined lifespan theories with integrative data, it may be possible to empirically piece together the whole life course model.
Ongoing and New Longitudinal Studies
As many of the longitudinal studies are still ongoing, there is an opportunity to add measures within the broader studies to test lifespan development. A particularly promising approach is the measurement burst design, in which intensive periods of measurements, such as daily diaries or experience sampling, are nested within long-term longitudinal studies (Nesselroade, 1991) . The design allows direct consideration of intraindividual variation. With larger, nationally representative samples, participants from different age groups can be randomly selected for periods of short-term intensive measures, testing some of the more fine-grained mechanisms defined by the theoretical models.
New studies will add the most benefit to the field by carefully planning measures and strategies to test complex models. Cross-sectional studies that simply show that variables are related offer limited value; prospective studies are needed. To help manage the time burden for participants, growing numbers of computer-adapted tests (CATs) are available, such as the National Institute of Health's PROMIS (www.nihpromis.org). CATs include a large item bank, in which items are aligned across an underlying distribution for a given characteristic. Depending upon how a person answers a question, subsequent questions are pulled from different parts of the distribution, such that a reliable estimate of the person's true score can be determined with four to six questions. The most discriminating items might be compiled into a short form for off-line panel studies. Furthermore, planned missingness allows different subsets of participants to complete measures at each occasion, reducing the burden on participants, while increasing the number of constructs that can be measured.
Behavioral Data
Beyond self-reported data, a growing body of research has focused on behavioral health and personality measures. For example, the self-control facet of Conscientiousness has been measured by delay of gratification tasks and various executive function tests (e.g., Stroop test, go/no-go task, trail making task, Balloon Analogue Risk Task). Convergence across self-report, observer report, delay of gratification measures, and executive function tasks is moderate, and studies may benefit from including both questionnaire and behavioral tasks to provide a more complete assessment of the person (Duckworth & Kern, 2011) . Behavioral-based measures can also be used with young children who cannot read and answer questions and with lower SES or cognitively challenged participants who may have trouble understanding normal personality questions.
Using videotaped interviews, lay people could reliably rate 62 behaviors as diagnostic of the Big Five traits, suggesting that we often make personality judgments about others through the things that they do (Funder & Sneed, 1993) . Gosling and colleagues (2002) Taking this a step further, Mehl and Pennebaker (2003) developed the Electronically Activated Recorder (EAR), which captures 30-second sound bites throughout a person's day. Judges rated their impression of the person's personality using the recordings; their ratings were generally accurate, particularly for Extraversion, suggesting that natural observations offer a method to understand how personality is expressed in everyday behavior (Mehl, Gosling, & Pennebaker, 2006) . Such unobtrusive measures might also point to the pathways toward health as social interactions, behaviors, and emotional reactions are captured in the moment throughout the day.
Computational Social Science: Big Data Intrigues
Over the past decade, massive amounts of data, including online social media (e.g., Facebook, Twitter), electronic health records, online blogs, and search patterns, have been created, unobtrusively documenting peoples' lives (Anderson, Fagan, Woodnutt, & Chamorro-Premuzic, 2012) . By combining tools from computer science, the massive amount of available data, and personality theory, health psychology researchers can and should take advantage of these rich data sources.
Click to view larger (Adapted from Kern, Eichstaedt, Schwartz, Dziurzynski, et al., 2014.) Using words expressed through online modalities, evidence suggests that personality is displayed and perceived through the language that people use in online and mobile environments (Gill, 2004) . In nearly 70,000 Facebook users with 20 million status updates, personality scores were related to language use (Kern, Eichstaedt, Schwartz, Dziurzynski, et al., 2014) . Figure 1 shows word clouds of 50 words and phrases (a series of two to three words, indicated by an underscore) that were most strongly correlated with Conscientiousness (left) and Neuroticism (right). The size of the word indicates how strongly the word or phrase is correlated with the trait (larger equals a stronger correlations). The method was also used to examine age-related differences (Kern, Eichstaedt, Schwartz, Park, et al., 2014) . Although all analyses were cross-sectional (i.e., different people selected from each age group), as social media is used over time, it will become a tool to follow people's words, behaviors, and social interactions over the course of days, months, or even years.
Big data offer opportunities for identifying contextual aspects that may influence health outcomes. Personality research focuses primarily on the experience and perspective of individuals, and yet people exist within ecosystems. Many of the key sociocultural variables that moderate the life course models are either unmeasured in a particular sample or unidentified, and big data can identify these sociocultural factors. Key contributors can then be tested in smaller studies, comparing aspects of different communities, being cognizant of the individual and social personalities that appear.
For example, geo-tagged search queries from consented mobile phones predicted health care utilization and duration of hospital stays (Yang, White, & Horvitz, 2013) . Monitoring search logs identified adverse drug reactions, and may serve as a complement to the Food and Drug Administration's adverse event reporting system, which relies on spontaneous reports of problematic reactions (White, Harpaz, Shah, DuMouchel, & Horvitz, 2014) . With Twitter data, U.S. counties scoring high in self-reported life satisfaction expressed language reflecting productive engagement in life, physical activity, spirituality, and nature (Schwartz et al., 2013) , and counties with high incidence of atherosclerotic heart disease expressed language reflecting hostility and apathy (Eichstaedt et al., 2015) . The tweets may be reflecting aspects of the social or cultural context that may be more or less health promoting. that documents people's everyday lives unobtrusively, with relatively low cost and resources. When combined with long data, there is the possibility for a new type of measurement burst design (Nesselroade, 1991) , with questionnaire and physiological measures collected over many years complemented by bursts of daily patterns determined through online data sources. Interventions can be administered and tested remotely and adjusted to the person's responses. Altogether, combining long and big data offers the potential to study and understand the personality-health model in ways never before imagined.
Personality Neuroscience
Personality neuroscience attempts to find markers of personality in the brain, and then to map those markers back to gene-by-environment interactions (DeYoung & Gray, 2009) . Personality neuroscience attempts to determine why people differ from one another, identifying biological sources for differences between individuals (see also the chapter by Allen and DeYoung). Methods include neuroimaging, genomics, electrophysiological techniques, assays of psychoactive substances such as neurotransmitters, and direct changes through pharmaceuticals. For example, DeYoung and colleagues (2010) mapped neural images to the Big Five factors. Extraversion was related to the brain area that processes rewards, Neuroticism was related to the brain regions associated with negative affect and threat, Conscientiousness was related to the areas involved in planning and control of behavior, and Agreeableness was associated with areas involving understanding the intentions and motivations of other people. Similarly, the five factors correlated with different parts of the default mode network (a series of stable cortical brain areas thought to serve various cognitive and emotional functions), regions that have themselves been correlated with various response patterns for different emotional and cognitive stimuli (Sampaio, Soares, Countinho, Sousa, & Gonçalves, 2013) .
Neuroscience approaches have been relatively neglected in most lifespan personality-health research, in large part because measures have not been available within existing studies. If neurological measures are embedded within larger lifespan studies, neural mechanisms underlying personality and health processes can potentially be identified. Physiological indicators might be reliably mapped to the five factors via a self-report measure, and then neurometric measures of personality could be developed, and the brain circuitry that plays a part in individual differences could be identified (Patrick, 2014) . Combined with the network of complex models, personality neuroscience may help to further break open the black box, revealing minute processes that connect personality processes and subsequent health outcomes.
Other Specie Parallels: Animal Studies
Another approach for studying personality and health involves utilizing nonhuman species (see also the chapter by Weiss and Gartner) . Personality clearly appears in animals. For example, dog personality has been classified into dimensions such as reactivity, fearfulness, activity, sociability, responsiveness to training, submission, and aggression. A meta-analysis of 31 studies suggested moderate consistency in traits, with personality being more consistent in adult dogs than in puppies (Fratkin, Sinn, Patall, & Gosling, 2013) , similar to the stability of personality in adulthood versus childhood in humans. Reflecting the hierarchical structure of the Big Five factors in humans (i.e., two higher order alpha and beta meta-factors, the five factors, and underlying aspects, facets, and specific traits), a study of chimpanzees found a similar hierarchical structure of personality, with two higher order alpha and beta factors hierarchically situated above a fivefactor structure (Latzman, Hopkins, Keebaugh, & Young, 2014) . In a study with seven different social groups of rhesus macaques, personality influenced who successfully intervened in group conflict as well as roles in grooming and network behavior (McCowan et al., 2011) . By using a network analysis, the study identified interactive effects among personality, social status, and sex, which together influenced the stability of social groups.
Whereas human studies are almost exclusively correlational in nature, direct experiments can be done with animals, directly testing cause and effect associations (Cavigelli, 2005) . Furthermore, the entire life course can be observed over a much shorter period of time. For example, studies suggest that physical activity extends longevity in animals, and both biological and nonbiological factors play a role (Sallis, 2000) . Stress studies with animals suggest that persistent activation of the hypothalamic-pituitary-adrenal (HPA) axis can lead to permanent physiological damage (Repetti, Taylor, & Seeman, 2002) . Animals can be bred with particular characteristics to test genetic versus environmental effects on physiological outcomes. Environments can be created to mirror different human conditions, testing the effects on physiological measures, length of life, and changes in brain structure. Altogether, evidence suggests that animals do indeed have personality characteristics relevant to the Big Five factors, and can be useful for studies on personality, One of the primary places that personality may be informative is in medicine. There is a growing emphasis in the medical world on the need for patient-centered approaches to care. Theory-based studies on personality and health can potentially inform risk models, decision making, and treatment options (Chapman et al., 2014) . Personality assessments may help healthcare professionals make predictions of future health risks. With high treatment costs, interventions could be targeted more directly to those most likely to respond, thus saving time and costs that accrue from nonresponders.
How could this work in practice? At any given appointment, medical teams often collect background information, including disease history, weight, blood pressure, and in some cases risky health behaviors (e.g., smoking, drinking, physical inactivity). Intake assessments could include a brief personality measure, which would help the physician quickly get to know the patient better. The information could be included in the electronic health record, sharing the information with others on the care team, offering some immediate information about individual differences, risk status, and communication preferences. Treatments could be adjusted based on different traits. For example, as Conscientiousness is associated with adherence, those low in Conscientiousness could be provided with additional monitoring, reminders, and other tools. In turn, the additional information added to the health records will inform research on personality influences on patient-provider communication, health service use, and overall patient outcomes .
Another reason for specifying and testing specific theories that include causal clauses is to identify when and how to best intervene. For example, secure attachment has been related to optimal self-regulation; early interventions that teach parents parenting skills may help the parents raise self-regulated children and conscientious adults (Drake, Belsky, & Pasco Fearon, 2014) . Motivation, which has implications for productivity and health, is influenced by parental behaviors and beliefs, peers, and the school environment. In the Dunedin Multidisciplinary Health and Development Study, childhood self-control predicted numerous midlife outcomes (including education, health, wealth, crime, parenting, and life satisfaction) in a linear fashion, suggesting that even children with good self-control benefit from improving their selfcontrol skills further . However, the extent to which levels of self-control and other personality traits change through intervention has yet to be established.
The idea for personalized medicine and timed interventions certainly has merit, but the feasibility of such approaches needs to be tested , and ethics need to be carefully considered. Again, the theories underlying personality and health relationships should inform the assessments and interventions that are conducted.
Conclusions
Once the flaws and limits of single-factor, single-disease approaches such as the Type A personality were documented, the need for studying multiple personality factors predicting multiple outcomes emerged (Friedman & Booth-Kewley, 1987) . Since then, the Five-Factor Model has provided a useful tool and heuristic lens for studying the personality side of personality-health relations. With a small, core set of factors, which at a broad level represents the universe of personality traits, multidimensional studies can be conducted. The resulting body of research has produced strikingly replicable results.
Conscientiousness has the clearest and most important influence on health. Its effects are comparable to or larger than those of many traditional medical risk factors Shanahan et al., 2014) other four factors are also important, but their effects depend more on situations and life paths. Personality matters for health, but typically not in simple or straightforward ways; the two are connected through a complex array of intertwined circuits and wires. For example, individuals high on Extraversion, seeking stimulation and interactions with others, may develop unhealthy drinking and drug abuse if they attend a "party" college and proceed into a carousing career; but the same level of Extraversion might prove helpful when it leads individuals to establish good social networks of caring friends. Multiple pathways occur-behaviors, interactions with other people, situations encountered, the social context, and inner physiological reactions all are impacted by personality and in turn shape personality over time.
We have also emphasized the health outcomes side of the equation and the importance of postulating and testing mechanisms and pathways. Personality is a naturally valuable concept for understanding health because it captures biological bases, health behaviors, and situation selection, and it involves homeostatic forces and changes over time. For example, the neurotransmitter serotonin is related both to Conscientiousness and to a myriad of bodily homeostatic functions. As we have seen, conscientious behavior in turn often involves a variety of health-protective actions, ranging from less likelihood of smoking and risk-taking activities to safe driving and regular medical check ups. And Conscientiousness also leads to a host of healthier psychosocial environments, from more education and career success to better marriages (Friedman & Martin, 2011; Shanahan et al., 2014) . More complete models of personality and health are important for identifying and clarifying causality, which in turn influences how and when interventions should occur.
Modern personality research based on a five-factor approach is clarifying the patterns, predictors, and trajectories of health and longevity. Big data, longitudinal studies with multiple outcomes including longevity, and other innovative empirical approaches can be combined with a growing array of advanced statistical methods, making it possible to test complex, dynamic models of life trajectories. There is no longer a need for short-term studies that correlate a trait and a disease. Instead, by unraveling the causal pathways, we can develop interventions that will be better informed and more effective, providing considerable value to both individuals and society.
